The green certificate support mechanism has been associated with a significant increase of electricity retail prices in Romania. Given the growing public awareness and concern regarding this topic, we seek to assess the willingness to pay of Romanian household consumers for the continued development of renewable energy through a choice modeling study. As part of the larger research project, this paper aims to determine which positive attributes of renewable energy development are relevant to these consumers. We combine a qualitative and a quantitative analysis of the results from a survey of 62 Romanian academics from the fields of energy and environmental science with a review of existing literature on the topic. The results are adapted to suit the specific context of the Romanian electricity retail market. We define four benefits of renewable energy development that are expected to be relevant for Romanian household consumers.
Introduction
There are several factors that influence public and governmental support for renewable energy development, such as air pollution, international agreements and electricity prices. Air pollution caused by electricity generation, industrial activities and transportation is a global issue and is becoming most obvious in dense population centers in Asia (Reuters, 2013) . International agreements, such as the Kyoto Protocol and the more recent EU Climate and Energy Package create binding targets for signatory states, which can be met by encouraging investment in renewable electricity generation, such as hydroelectric, solar, wind and biomass projects, through so-called support mechanisms, such as tradable green certificates (TGC) and feed-in tariffs. However, the EU agreement is perceived as less of a concern in the case of Romania, which had nearly reached its 2020 requirements at the end of 2010 (European Commission, 2013c) . It is electricity prices that have taken the front stage as a determining factor for Romania's renewable energy support schemes. In a recent study, we concluded that, after the introduction of the TGC system, the annual growth rate of electricity retail prices in Romania saw a fivefold increase (Maxim, 2013a) . Due to the significant impact that such a price hike has on consumers -household, commercial and industrial -the Romanian government recently decided to reduce and partially suspend the TGC scheme (Business Review, 2013) .
We are currently conducting an ample research project that aims to assess the adequate development pattern of renewable energy from the point of view of the consumers. Our main objective is to determine the willingness to pay (WTP) for green electricity of Romanian households, given that the benefits of these investments, such as reduced air pollution and the creation of new jobs, are interconnected with an increase in electricity bills.
After an extensive review of available methodologies, we decided to use a Discrete Choice Experiment (DCE) as our WTP research approach. The DCE can be used to determine WTP by asking respondents to choose between several product or service "profiles". A "profile" is a specific combination of attributes and levels that define a hypothetical version of the product or service. The aim of this paper is to determine the relevant attributes of renewable energy (RE) development in Romania and to establish their adequate levels given the specific context of the electricity retail market in Romania. This is considered to be a crucial step in a DCE (Orme, 2002) .
Section 2 of the paper presents the research approach used to determine the relevant attributes. Section 3 addresses the selection of the adequate levels. Finally, section 4 provides an outline of the next research steps.
Determining the relevant attributes
In order to establish which attributes would be used in the DCE, we conducted a study in three stages: a literature review, followed by a quantitative and a qualitative assessment based on the results of a survey among academics.
The first stage consisted of an ample review of research on the topic, which had the aim of establishing a preliminary set of attributes. We consulted numerous academic articles (Álvarez-Farizo and Hanley, 2002; Bergmann et al., 2006; Borchers et al., 2007; del Rio and Burguillo, 2008; Ku and Yoo, 2010; Ladenburg and Dubgaard, 2007; Leenheer et al., 2011; Lehr et al., 2008; Longo et al., 2008; Menegaki, 2012; Mozumder et al., 2011; Nomura and Akai, 2004; Roe et al., 2001; Wei et al., 2010; Wiser, 2007; Zhang and Wu, 2012; Zografakis et al., 2009 ) and other specialized works, such as the encyclopedic volume on power generation by Breeze (2005) .
This first stage of the study allowed us to generate a list of attributes that are widely accepted as positive consequences of RE development. Any negative attributes have not been taken into consideration as RE's negative impact is generally lower than that of conventional power generation technologies, leading to an overall net gain if the generation mix of the country is modified to include a larger share of RE.
Based on this list, we constructed a questionnaire item that would allow us to establish an importance hierarchy among the preliminary attributes. The item was annexed to a questionnaire used in a survey of Romanian academics from the fields of energy and environmental science on the topic of energy sustainability. The target population for the survey was chosen due to the respondents' high level of familiarity and objectivity regarding the research topic and due to their potential influence over any major governmental energy policies.
The survey was conducted via an online questionnaire sent to 292 email addresses of academics from the energy and environmental science departments of six Romanian universities, insuring a wide geographical distribution. We recorded 62 valid answers, out of which two were eliminated due to ambiguities regarding the respondent's academic status. Twelve email addresses proved to be incorrect or inactive, leading to a response rate of 22%.
There was a balanced distribution of the responses among the four Romanian cities with the largest student population (Bucharest 32%, Ia i 20%, Timi oara 18%, Cluj 17%, others 13%) and among the four main academic ranks (Teaching assistant 28%, Assistant professor 25%, Associate professor 13%, Professor 27%, unspecified 7%).
In order to control for any errors resulting from lack of knowledge regarding the research topic, the questionnaire included a self-evaluation item for the respondent's familiarity with the issues concerning the energy sector.
Responses were measured on an interval scale from 1 (very unfamiliar) to 10 (very familiar). The same scale was used in the item that rated the various attributes by their importance for the Romanian population (1 -not important at all, 10 -very important). The values for the two scales were normalized to fit within a [0,1] interval based on the utility normalization equation used in multi-criteria decision analysis (Eq. 1). This interval scale was chosen because it allows for a clearer interpretation of the scores. 
where x max /x min are the maximum and minimum levels of the scale (10 and 1 respectively) and x i is the score given by respondent i for the self-assessment of their familiarity with the energy sector.
Subsequently, the weighted average of the importance scores was calculated for each attribute, using the selfassessment responses as weights. The results of the survey are listed in Table 1 . A parallel analysis of both the weighted and the simple average shows that the overall hierarchy of the attributes is consistent, regardless of respondent familiarity. It should be noted that the average score of the "other" category decreases after controlling for lack of knowledge using the weighted average. This suggests that the respondents who are more familiar with the energy sector have generally agreed that there are few other important attributes that have not already been included in the list.
The top three attributes in terms of importance scores are those concerned with pollution reduction, economic development and increased energy security. As can be seen in Table 1 , the differences between the average scores were small, an issue that illustrates the limited usefulness of the interval scale rating in the evaluation of preferences -answers tend to be concentrated in the same region of the scale, resulting in a skewed distribution. This is a significant argument in favor of using the DCE method when evaluating consumer preferences.
Due to the fact that 22 respondents (37% of the total sample) have provided an answer for the "other" category, we were also able to perform a qualitative analysis of these results using an ad-hoc method. First, the main idea conveyed by the description of the additional attribute was summed up to one keyword, which received a frequency score of 1 when first mentioned. If the keyword for the next respondent's attribute description was identical, then the frequency score of that term increased by 1; otherwise, a new keyword was created with a frequency of 1. If a description could be summed up to two keywords (e.g. "diversification of energy sources" can refer to both "security" and "stability"), then each of the two terms received a frequency of 0.5. After each attribute description was analyzed, the total frequencies of the resulting keywords were compared (Table 2) . As seen in Table 2 , the term with the highest frequency was research/innovation, which was assigned to descriptions such as "support for partnerships between educational institutions and the industry" or "creation and development of research and innovation centers". Given the nature of the survey sample, it is likely that this frequency score is a result of the respondents' own preferences or biased vision. We consider that the resulting attribute is not sufficiently relevant for the general population of Romania and that it is partially correlated with the "Creation and development of industries at the national level", which was already included in the item list.
Other frequent keywords generated through the qualitative analysis were commerce, from descriptions such as "electricity exports", "the attraction of foreign capital and European funds" or "transmission corridors with neighboring systems", cost, from "decrease of electrical and thermal energy prices", and sustainability. An individual analysis of these terms suggests that they are partially or highly correlated with some of the attributes that were already included in the initial list: commerce with "Increased energy security", "Creation of new jobs" and "Creation and development of industries at the national level", cost with the "price" attribute that is automatically included in WTP studies, and sustainability with most other attributes, given that sustainability is generally assessed through the economic, ecological and social dimensions (Maxim, 2013b) .
Based on the results of these three research stages, we concluded that the DCE study will include five attributes: additional cost of the monthly electricity bill, Romania's level of energy independence, the creation of new jobs at the county level, the reduction of pollution effects, and additional funds for the development of rural areas at the county level. The number of levels for each attribute was established based on previous studies and on DCE theory. Our design aims to establish four levels for the first attribute and three for each of the others.
The following section offers a more detailed definition and motivation for choosing each attribute and also demonstrates the approach used in establishing their levels.
Determining the adequate attribute levels
The first attribute included in our analysis is the additional cost of the monthly electricity bill. Price is a common element in all DCE experimental designs. Its role is to act as a counter-balance in the product profiles, so that respondents can make a choice between a certain mix of attributes and the cost of the resulting combination. In addition, the inclusion of price as an attribute insures compatibility between the experiment and reality and between the model and economic theory by introducing a budget restraint, of which all consumers are aware when making a purchase decision. Finally, without the inclusion of price as an attribute, the researcher would not be able to determine the WTP for the various attributes.
The format of additional cost of the monthly bill is rather common among studies of this type (Bergmann et al., 2006; Ku and Yoo, 2010; Longo et al., 2008) . The chosen time interval creates a better understanding of the attribute, as Romanian consumers tend to plan their utility expenses on a monthly and not a quarterly or yearly basis. All the studies that we reviewed used monetary values when defining the levels for the cost. This is because other units of measurement, such as percentages, would require that respondents perform additional mental calculations. The main disadvantage of using monetary values is that they do not allow the researcher to adjust the levels based on the overall value of the electricity bill for each respondent. Thus, it is possible for the lowest level to be too high for a user that has a very low consumption of electricity, but also that the upper level is below the actual willingness to pay of a respondent with a high monthly usage of energy. The immediate consequence is that our analysis loses some information regarding the true WTP of certain members of the sample.
In order to establish the actual level values, it is first necessary to determine the average monthly electricity cost for a Romanian household (Table 3) . This was calculated using data presented in a previous study (Maxim, 2013a) .
The levels for the attribute needed to be established based on various percentage increases of the average monthly bill. The percentages were selected based on previous research conducted in the United Kingdom and South Korea. Our intention to assign four levels for this attribute is supported by the examples provided by the three studies. A higher number of levels insures a wider range for the potential WTP. Table 4 shows that Romanian household consumers are already paying, on average, 8 Lei/month for the green certificate support mechanism. Under these circumstances, we consider that a set of levels closer to the example provided by the study of Longo et al. (2008) is more adequate. We opted for percentage increases of 5%, 19%, 32% and 57%, with the equivalent values of 4, 15, 25, and 45 Lei/month.
The second attribute is Romania's level of energy independence and it refers to the reverse of primary energy import dependence, specifically the share of fossil fuel imports in the total energy use at the national level. Romania is considered to be one of the EU members with the lowest energy import dependence, especially in the case of electricity, for which it is a net exporter (European Commission, 2013b). However, one of the main advantages of RE development is the decrease of energy dependence for the country where the generation projects are built. In addition, the attribute "Increased energy security" was ranked third in terms of importance in our survey of academics (see Table 1 ). In similar studies, researchers such as Longo et al. (2008) included security indicators such as "annual duration of power outages", which is also derived from the risk of national grid instability caused by increased dependence on energy imports. It is for these reasons that Romania's level of energy independence was included in the study.
The levels for this attribute were established based on the definition of energy dependence and the specific energy data recorded for Romania. For this purpose, we refer to the three main types of fossil fuels: natural gas, oil and coal. Although Romania is a net importer of each of these fuel types, its energy import dependence is limited because it has significant deposits of each. With regard to natural gas, in 2010, Romania imported 2.5 Mtoe of natural gas and consumed 11.1, resulting in an import dependence of 22%. In the case of oil, imports and consumption were 4.4 Mtoe and 9.1 Mtoe respectively -a 46.6% import dependence. Finally, in the case of coal, 2010 imports totaled 1.1 Mtoe and consumption was 8.2 Mtoe -13.8% dependence (European Commission, 2013a ).
An increase of energy independence can be achieved by replacing the necessity to consume fossil fuels with electricity produced from renewable sources. For example, the heating of homes using individual or municipal heating systems that are fueled with gas or coal can be substituted by using electric heating equipment, such as radiators and plasma, halogen or infrared heaters. Similarly, the electricity produced by power plants that use fossil fuels can be replaced with electricity produced from renewable sources. However, it is unrealistic to expect any significant modifications in the transportation sector or in many industrial processes that rely on fossil fuels. These sources of consumption can be expected to remain stable in the long term. Thus, any scenarios regarding the reduction of Romania's energy dependence need to consider the limitations created by such consumers.
With regard to natural gas, recently published data shows that approximately 20% of national consumption can be attributed to households, with another 22% used in electricity generation (European Commission, 2013b) . In the case of coal, the analysis is more complex. There are three types of solid fossil fuels included in the "coal" category: hard coal, brown coal/lignite/peat, and coke. The entire volume of brown coal/lignite/peat that is consumed in Romania is produced internally, but the country imports all of the coke and hard coal that it is consuming. It should also be noted that the three categories have a different calorific value (the amount of energy that can be obtained from their use): coke -~30,000 kJ/kg, hard coal -~27,000 kJ/kg, and brown coal -~20,000 kJ/kg (The Engineering Toolbox, 2013). The calorific values need to be taken into consideration when performing an aggregate assessment of these fuel categories.
Given that the purpose of this attribute is to measure the energy import dependence of Romania, we calculated the maximum amount from each type of fossil fuel that can be replaced by RE. With regard to natural gas, if we assume a 75% substitution of household and electricity generation consumption with RE, the overall demand decreases by 4 Mtoe -well above the 2.5 Mtoe of natural gas that is imported by Romania. In this case, we can assume a reduction of up to 100% of imports. With regard to oil, the transportation sector is responsible for most of the consumption, with a limited amount being used for electricity generation (~1% of the total electricity generated in Romania). Thus, any significant reduction in Romania's dependence on oil imports based on RE development is unlikely. Finally, in the case of coal, the import dependence exists only with regard to coke and hard coal, which are used primarily in specific industrial processes. Only ~18% of the overall volume of hard coal and coke (adjusted for calorific value) is utilized in electricity generation (National Institute of Statistics, 2013a). Thus, in the best case scenario, we can assume an 18% substitution of coal imports with RE.
Based on these calculations, we created three potential scenarios in order to establish the adequate levels of the energy independence attribute. In the first scenario we assumed a substitution of natural gas and coal imports by 33% of the overall potential. The second scenario assumes a substitution of 66%, and the third assumes 100%. These scenarios would result in Romania having an overall energy independence of 75%, 78% and 82%, compared to the current level of 72%. By taking into consideration the substitution of the oil used in electricity generation with RE, the levels could be rounded up to 75%, 80%, and 85% -a set of values that we consider to be more aesthetically and cognitively pleasing for the respondents.
The third attribute included in the analysis is the creation of new jobs at the county level. This attribute has been included in the experiment because of the frequent use of "creation of new jobs" in previous studies (Bergmann et al., 2006; Ku and Yoo, 2010; Longo et al., 2008; Menegaki, 2012) , which will allow us to compare our results with those of researchers from other countries. We opted for a more specific phrasing (i.e. "at the county level") because it makes the attribute less abstract and distant from the perspective of the household consumer. Most other studies also refer to the creation of new jobs at the local level, which creates a stronger personal impact for the respondent.
The levels for this attribute were established based on the values used in previous studies. The procedure was similar to the one presented in the case of the additional cost of the monthly electricity bill. Out of the papers published over the last few years, the studies of Bergmann et al. (2006) , Ku and Yoo (2010) , and Longo et al. (2008) display the greatest similarities in terms of topic and methodology to our own research. However, in order to correctly compare the three studies, a series of adjustments needed to be made. Our aim was to convert the measurement units for the levels to a percentage of the total number of people employed in the Energy and Water industry sector at the national level, as seen in the paper of Longo et al. (2008) . In order to convert the data from Bergman et al. we used the average value of the 2-3, 8-12 and 20-25 new local jobs intervals and multiplied them with 32 -the number of local councils in Scotland. The results were then divided by the total number of employees in the "Energy and Water" sector in Scotland -77,000 (The Scottish Government, 2013) . The data of Ku and Yoo was converted using a similar approach: the levels 10 and 30 new local jobs were multiplied by 41 -the number of regions in South Korea equivalent to the Scottish local councils by land area -and the results were divided by the total employees in the "Electricity, gas, steam and water supply" sector -80,000 (KOSIS, 2013) . In both cases we used the average number of employees recorded for the year when the article was published.
In order to convert these percentages to the equivalent number of jobs in Romania, we used the average number of employees recorded over the period July 2012 -June 2013 in the "production and supply of energy, gas and water" sector -65,542 (National Institute of Statistics, 2013b) -and divided by 42 (the number of counties). The results of our calculations are shown in Table 5 . A more accurate and realistic method for determining the number of new jobs that would be created through RE development would be to multiply the number of job-years per unit of electricity produced by RE technologies (Maxim, 2013b) with the forecasted growth of RE electricity generation. However, due to limited data availability and projections that are sometimes overly optimistic, this approach was not considered to be viable. Thus, we opted for a set of levels that is close to the one used by 10 and 20 . These values are closer to the absolute (rather than the relative) values used by Bergmann et al., but they were chosen in order to have a more significant relevance for the persons to be surveyed -1 or 7 new jobs at the county level could be considered negligible by the respondent. We would also like to note that these levels are below the absolute and relative values that were used successfully by Ku and Yoo in South Korea.
The fourth attribute in our study is the reduction of pollution effects and it refers to the reduction of the external costs (or externalities) of electricity production. In a previous paper, we performed an analysis of the external costs specific to the various electricity generation technologies (Maxim, 2013b) . The current study aims to assess consumer preference for the reduction of these externalities or costs of pollution by a certain percentage. ANRE (2013b) Our approach in determining the adequate levels for this attribute was similar to the one used for Romania's level of energy independence: we generated three scenarios regarding the electricity generation mix in Romania and calculated the external costs associated with each of them. By comparing these results with the present values, we were able to establish percentages for the reduction of pollution effects. Table 6 shows the external costs of electricity generation in Romania in 2012. Given that the absolute values of the externalities can vary depending on the project, location and technology refinement, this data is only illustrative -the actual absolute values are expected to be different. This is also the main reason why the levels for this attribute should be expressed in percentages, rather than monetary units. In addition, we consider that asking a respondent to choose between "an external cost of €300 Mil. and one of €200 Mil." is a more difficult task than comparing "a reduction of the current pollution effects by 15% or by 30%". The three energy mix scenarios are illustrated in Table 7 . These were generated based on the observed trends in the energy industry: a gradual decrease in the use of coal, a leveling off of energy production from hydroelectric and nuclear plants, a rapid development of wind farms and a slow increase in solar photovoltaic projects. In addition, Scenario 3 also assumes a substitution of coal with biomass -a fuel that can be used in power plants with a technology that is very similar to conventional coal fired plants. Table 7 also lists the percentage decrease in pollution effects for each scenario. The overall volume of generated electricity is assumed to remain constant in each scenario, based on the annual change in electricity production in Romania over the last 15 years (+0.1% p.a.) and 5 years (-0.2% p.a.) (The World Bank, 2013). The levels for this attribute were selected based on the same "aesthetic" and cognitive principle used in the case of Romania's level of energy independence. Thus, the chosen values are 10%, 25%, and 40%.
The last attribute included in the research is additional funds for the development of rural areas at the county level. The issue of rural area development in Romania is an important one. Recent studies show that there is significant potential to develop tourism, energy production and farming in various rural areas of Romania (AM-PNDR, 2013 ). In addition, we believe that the absolute values of the creation of new jobs at the county level attribute may be too low to have a significant impact on the choices made by the respondents. For these reasons, we decided to include an additional attribute that also refers to improvements of the local region, thus insuring a better representation of the concepts of rural and economic development that received the second highest importance score in the survey of academics. It should be noted that even though the third and fifth attributes both refer to the respondents' county of residence, we believe that they are sufficiently different so as to not create significant interaction or correlation effects.
In order to establish the adequate levels for this attribute we created an estimate of the additional income from taxes at the county level, funds which could be used by local authorities for development. We identified three major sources of public income: VAT, income tax and taxes on personnel. Our estimation was based on the additional GDP that should be generated by RE development in Romania. We used data from a 2009 research project funded by the European Commission (Fraunhofer ISI et al., 2009 ). The study estimates that, in the case of Romania, RE development is expected to generate an additional 0.15% GDP.
Next, in order to calculate the share of earnings before income tax in the overall revenue (line D in Table 8 ), we analyzed the financial statements of 14 companies that are managing the majority of the RE generation projects in Romania. The sample does not include Hidroelectrica -the state company that owns and operates all major hydroelectric projects in Romania -whose size and specific traits would have distorted the analysis. The companies were selected based on the list of power plants that are certified to benefit from the TGC mechanism (ANRE, 2013a) and the financial statements were obtained from the website of the Ministry of Public Finances (2013). In estimating the additional income, we assumed a 10% share of salary expenses in the overall expenses -a figure based mainly on the low number of employees reported by RE generators. In addition, we assumed an additional expense with other taxes (e.g. rent of public land, property tax etc.) with a share of 2% in the overall expenses. Creating a set of levels that refer to large amounts of money may determine respondents to place significantly more emphasis on the value of this attribute, compared, for example, to the 3-20 new local jobs. Due to this issue, we decided to express the levels for the attribute in percentages of the total county budget, rather than use monetary values. For our target population of Ia i county, the resulting sum of 6.98 million Lei represents approximately 1.2% of the 2012 consolidated public budget at the county level (Ia i County Council, 2012) . The levels that we chose for the attribute are 1%, 2%, and 3% increase in the annual county budget. The average value is larger than the result of the calculations in Table 8 because the 0.15% increase in GDP was calculated based on the currently agreed and planned development of RE. If, however, consumers would be willing to pay a premium to encourage an increase in RE generation beyond the status quo, the additional public income would be higher.
Conclusion and next steps
The purpose of our study was to generate a set of relevant attributes and adequate levels for a Discrete Choice Experiment that aims to determine the willingness to pay of Romanian household consumers for the development of renewable energy. Based on an extensive literature review and a survey of Romanian academics from the fields of energy and environmental science we were able to define four positive attributes of renewable energy development: Romania's level of energy independence, the creation of new jobs at the county level, the reduction of pollution effects, and additional funds for the development of rural areas at the county level. We also added the additional cost of the monthly electricity bill attribute that acts as a counter-balance and is used to determine willingness to pay.
By analyzing various data regarding energy use, energy employment and prices, pollution, fiscal regulations, and financial statements of energy companies in Romania, we were able to establish adequate and plausible levels for each attribute, given the specific context of the research. Based on the approach used in previous studies and on Discrete Choice Experiment theory, we opted to use four levels for the cost attribute and three for each of the others.
The next stage of the research process is to finalize the experimental design in order to generate the research instrument. Depending on the outcome of these next steps, it may be necessary to revise the number of levels for each attribute. The finalized research instrument will be used in a survey of Romanian household consumers.
Determining consumers' willingness to pay for renewable energy is a vital issue when considering the rapid rise in electricity prices over the last two years, which has been mainly attributed to the introduction of the green certificate mechanism. It is our hope that governmental authorities worldwide will seek to implement similar studies before deciding on any major change in energy policy, in order to avoid having to make abrupt and ad-hoc revisions, such as the adjustments of renewable energy support mechanisms seen throughout Europe over the last years.
